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(54) Magnetic transfer master medium 

(57) In the performance of a magnetic transfer utl- 
ilzing a magnetic transfer master medium (3), the occur- 
rence of signal omissions in the magnetic data trans- 
ferred to the slave medium Is prevented. By forming the 
protrusion portions (1 1 ) of the uneven pattern formed on 



the surface of the master medium so that the width 
thereof in the direction of the track pitch is narrower than 
said track width, no depression portions (72) that are 
surrounded on all four sides by protrusion portions (71) 
are formed. 
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Description 

BACKGROUND OF THE INVENTION 
Field of tlie Invention 

[0001] The present invention relates to a magnetic 
master transfer medium provided with an uneven pat- 
tern for transferring data to a slave medium, and the us- 
age method thereof. 

Description of the Related Art 

[0002] Generally speaking, with regard to magnetic 
storage mediums, those having a high storage capacity 
to record an increasing amount of data are desired. 
More preferably, so-called high-speed access mediums 
capable of advantageously reading out the data of a de- 
sired location in a short time are desired. One example 
of these mediums is the high density magnetic disl< me- 
dium employed In hard disk orf lexible disk apparatuses; 
so-called tracking servo technology, wherein the mag- 
netic head accurately scans a narrow width track to 
achieve a high S/N ratio, plays a substantial role in re- 
alizing the high storage capacity thereof. A sen^o signal, 
address data signal, replay clock signal, etc., used for 
tracking within a certain interval occun^lng In one rotation 
of the disk are recorded in advance in a so-called Pre- 
formatting, and the magnetic head is set so as to be ca- 
pable of reading out the preformatted signals and cor- 
recting Its position thereby, whereby the magnetic head 
can accurately scan the track. 
[0003] In general, the servo signal (the servo pattern) 
Is fonned in the following order from the starting position 
of the servo frame: a preamble (a concurrent use sig- 
nal), a gray code (the track number signal), and a burst 
signal (the signal detemninlng the head position), and a 
data region follows thereafter. A portion of the burst sig- 
nal is recorded at a distance displaced by 1/2 the width 
of the track from the center line of said track, and the 
remaining components of the servo signal are recorded 
on the center line of the track at an entire track pitch 
width. Further, the data region is narrower than the re- 
cording width of the servo signal, and a guard band por- 
tion is formed at the portions adjoining the Inner and out- 43 
er tracks thereto, which prevents the recording of a sig- 
nal thereon. 

[0004] At present, a preformat such as that described 
above employs a specialized servo recording appara- 
tus, and is formed by writing the signal for one disk at a so 
time, on one track at a time. The servo recording appa- 
ratus Is provided with a magnetic head, which has a 
head width of, for example, 75% of the track pitch, and 
first rotates the disk one rotation with the magnetic head 
disposed adjacent to the disk; the pattern con-esponding 
to the outer 1/2 track is written, after which the magnetic 
head is moved 1/2 track pitch inward and the pattern 
corresponding to the Inner 1/2 track is written during the 



next rotation of the disc, whereby a one track portion of 
signal is written. 

[0005] The servo recording apparatus described 
above is of high cost, and because a significant amount 
5 of time is required for the preformatting operation, this 
process accounts for the larger part of the manufactur- 
ing costs; reducing these costs is desirable. 
[0006] In this regard, methods wherein the preformat 
data is transferred by a magnetic transfer, which is a 
10 method by which preformat data Is not written one track 
at a time, has been proposed: for example, magnetic 
transfertechnoiogles are Introduced in Japanese Unex- 
amined Patent Publication Nos. 10(1998)-269566, 10 
(1 998)-40544, etc. According to the magnetic transfer 
13 of these methods: a master medium having an uneven 
pattern corresponding to the data to be transferred to 
the slave medium, which is a magnetic transfer medium 
such as a magnetic disk or the like, is prepared; this 
master medium is brought into a state of close contact 
20 with theslavemedium; then, by applying atransfermag- 
netic field, the magnetic pattern corresponding to the da- 
ta carried by the uneven pattern (e.g., a servo signal) of 
the master medium is transferred to the slave medium; 
the prefonnatting can be performed without changing 
the relative positions of the master medium and the 
slave medium, that Is, while the two media remain sta- 
tionary; and not only is it possible to perfomri an accurate 
recording of the prefonnat data, it becomes possible to 
do so In an extremely short time. 
[0007] In order to improve the transfer quality of a 
magnetic transfer such as that described above, it is Im- 
portant that the master medium and the slave medium 
be disposed in close contact with each other In a manner 
wherein there Is no gap therebetween. That is to say, If 
the two media are not properly brought into close con- 
tact with each other, regions In which the magnetic 
transfer is not effected occur, and signal omissions oc- 
cur In the magnetic data transferred to a slave medium 
onto which the transfer has not been properly effected, 
producing a decrease In the signal quality thereof; for 
cases in which the recorded signal is a servo signal, a 
problem arises in that the tracking function is insuffi- 
cient, resulting in a decrease in reliability. 
[0008] To solve this problem, technologies have been 
proposed, In, see for example, Japanese Unexamined 
Patent Publication No. 11(1999)-161956, wherein the 
center portion of the master medium is formed as a 
curved protrusion, with respect to the slave medium, 
and when the master and slave mediums are brought 
into contact, the surface of the master medium deforms 
to become progressively flatter from the center portions 
thereof toward the periphery due to the pressure exerted 
thereon, and they are brought into close contact in a 
manner so that no air remains between two surfaces 
^5 thereof, whereby the contact characteristics therebe- 
tween are Improved. 

[0009] However, In order to facilitate the transferal to 
the slave medium the same signal pattern servo written 
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to the slave medium when the servo recording appara- 
tus described above is employed, the uneven pattern 
formed on the master medium Is formed by protrusions 
and depressions of a width equivalent to the track pitch 
(the track width) of the slave medium. More specifically, 
as shown in the partial perspective view of the form of 
the uneven pattern fbmried on the surface of the master 
medium Illustrated In Fig. 13, the protrusion portion 71, 
which has a width in the direction of the track pitch (di- 
rection Y) equivalent to the width of the track pitch P, is 
fomned within one track or straddling two tracks. 
[0010] Because these types of protrusion portions 71 
are formed contiguously in the in the direction of the 
track (direction X) and in the direction of the track pitch 
(direction Y), as shown by the diagonal lines within Fig. 
13, there are cases in which a depression portion 72 Is 
fomned surrounded on all four sides by protrusion por- 
tions 71 . If there are depression portions 72 of this type, 
that is, which are surrounded on four sides by protrusion 
portions 71 , even if a technology of the type proposed 
in the aforementioned Japanese Unexamined Patent 
Publication No. 1 1(1 999)-1 61 956 for improving the con- 
tact characteristics between the surface of the master 
medium and the surface of the. siafe medium is em- 
ployed, in actuality, when the maiteir mediunri and the 
slave medium are brought Into close contact, the pro- 
trusion portions 71 surrounding the depression portion 
72 end up being brought Into close contact with theslave 
medium first and the air held in the thus closed off de- 
pression portion 72 is not removed, whereby a problem 
arises in that adequate contact characteristics cannot 
be obtained as a result of this air remaining within the 
space of the closed off depression portion 72. 
[001 1 ] Further, because the magnetic transfer Is per- 
fonned in the state wherein the master and slave medi- 
ums have been brought Into close contact as described 
above, cases occur in which the position determining of 
the master medium and the slave medium Is perfomned 
while they are In the close contact state before the mag- 
netic transfer is perfomned, and due to the friction gen- 
erated by the rubbing together of the respective contact 
surfaces of the master medium and the slave medium 
during this position determining, the surface fomn of the 
pattern bearing the data of the master medium is worn 
away after repeated performance of the magnetic trans- 
fer, whereby the accuracy of the transfer Is deteriorated. 
It is necessary to replace the master medium if the sur- 
face fomn of the pattern bearing the data thereof Is worn 
away and the accuracy of the magnetic transfer thereby 
reduced; because the cost of the master medium Is ex- 
tremely high, the problem regarding how many slave 
mediums a single master medium can be used to trans- 
fer to is extraordinarily important In relation to controlling 
manufacturing costs. 

[0012] Meanwhile, if there is even one portion be- 
tween the master medium and the slave medium that 
has poor contact when said two mediums are brought 
Into close contact, the positional relation between both 



of said mediums cannot be maintained across the en- 
tirety of the respective surfaces thereof, and the transfer 
quality is reduced. Also, according to the specific cir- 
cumstances, there are cases in which regions to which 

5 the transfer has not been effected appear due to poor 
contact between the two mediums, and signal omis- 
sions occur In the magnetic data transferred to a slave 
medium onto which the transfer has not been properly 
effected, producing a decrease in the signal quality; for 

10 cases in which the recorded sigrial is a servo signal, a 
problem arises In that the tracking function Is Insuffi- 
cient, resulting in a decrease In reliability. 

SUMMARY OF THE INVENTION 

15 

[0013] The present Invention has been developed In 
view of the foregoing circumstances, and it is a primary 
object of the present Invention to provide a master me- 
dium capable of effecting a high quality magnetic trans- 
it' fer to a slave medium, wherein no signal omissions oc- 
cur In the magnetic data transfen'ed thereto. 
[0014] It is a further object of the present invention to 
provide a long-life magnetic transfer master medium ca- 
pable of transfemng magnetic data to a larger number 

25 of slave mediums. 

[001 5] The magnetic transfer master medium accord- 
ing to the present invention is a magnetic transfer mas- 
ter medium that is provided with an uneven surface for 
transferring data to a slave medium, wherein 

30 the uneven pattern is fornied so that there are no 
depression portions therein that are completely sur- 
rounded by protrusion portions. 
[0016] The phrase "formed so that there are no de- 
pression portions therein that are completely surround- 

35 ed by protrusion portions" means that the uneven pat- 
tern is formed so that there is at least one portion on the 
immediate periphery of each depression portion, 
through which air can be expelled when the master and 
the slave medium are brought Into close contact; for ex- 

40 ample, the width of the protrusion portions In the direc- 
tion of the track pitch of the uneven pattern can be 
formed so as to be narrower than said track pitch. 
[0017] Note that it is not necessary that the width of 
all of the protrusions portions be formed so as to be nar- 

45 rower than said track pitch; it is permissible that only a 
portion of the protrusion portions be fonned so that the 
width thereof I n the direction of the track pitch is narrow- 
er than said track pitch. In this case, the uneven pattern 
can be of a configuration wherein, for example, the pro- 

50 trusion portions fomied within a single track can be 
formed so that the width thereof in the direction of the 
track pitch is narrower than said track pitch; also, the 
protrusion portions fomned so as to straddle adjacent 
tracks can be fomned so that the width thereof in the di- 

55 rection of the track pitch is substantially equal to said 
track pitch. 

[001 8] Another magnetic transfer master medium ac- 
cording to the present invention Is a magnetic transfer 
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master medium that is provided with an uneven surface 
for transferring data to a slave medium, wherein 

a rough surface is formed on the surface of the 
protrusion portions of the uneven pattern. 
[001 9] Note that the rough surface fomned on the sur- 5 
face of the protrusion portions of the uneven pattern can 
be formed on a portion or the entirety thereof. Further, 
the rough surface Is not limited to being capable of being 
fonned on the protrusion portions; no problem Is in- 
curred If the rough surface is formed on the surface of io 
the depression portions as well. 
[0020] More specifically, the magnetic transfer master 
medium described above comprises, for example, a 
substrate, and an uneven pattern provided thereon, 
which is provided with a pliable magnetic layer fomned is 
on at least the sections constituting the protrusion por- 
tions thereof; wherein, the rough surface corresponds 
to a rough surface fonned, by use of a surfacing proc- 
ess, on at least the sections of the substrate on which 
the pliable magnetic layer has been provided. Here, as 20 
to the surfacing process to which the substrate is sub- 
jected, a process such as a te)cturlng process perfonned 
by grinding or a texturing process perfomied by use of 
a laser can be employed, or alternatively, a process that 
causes erosion on the surface, may be employed. 25 
[0021 ] Further, the magnetic transfer master medium 
according to the present invention may comprise a sub- 
strate, a granular material coated onto the sections of 
the uneven pattern fonned on said substrate that con- 
stitute at least the protrusion portions thereof, and a pli- 30 
able magnetic layer formed on said granular substance; 
wherein, the rough surface Is fonned according to the 
surface fomri of the protrusion portions coated with the 
granular material. 

[0022] Still further, the aforementioned other magnet- 35 
ic transfer master medium according to the present In- 
vention comprises a substrate, and an uneven pattern 
formed thereon, which is provided with a pliable mag- 
netic layer fonned on at least the sections constituting 
the protrusion portions thereof; wherein, the rough sur- 40 
face can be fonned according to the fomnation condi- 
tions of the pliable magnetic layer, that Is, can be fonned 
as a surface roughness controlled by the sputtering con- 
ditions or the like, for example. 

[0023] I n addition, yet another magnetic transfer mas- 45 
ter medium according to the present Invention compris- 
es a substrate, an uneven pattern formed thereon, 
which Is provided with a film of porous material on at 
least the sections constituting the protrusion portions 
thereof, and a pliable magnetic layer formed on the film 50 
of porous material; wherein, the rough surface can be 
fonned according to the surface form of the film of po- 
rous material. In this case, it is desirable that the film of 
porous material have a volume ratio In the range of 
30-99%, and a surface roughness In the range of Rp = 55 
0.0001 to 0.1. 

[0024] Note that according to the magnetic transfer 
master medium described above, it is desirable that the 



rough surface is an uneven surface having depression 
poriJons of a depth In the 3-50 nm range; and It Is more 
preferable that said depth be in the 5-20 nm range. 
[0025] Yet another magnetic transfer master medl u m 
according to the present invention Is a magnetic transfer 
master medium provided with an uneven surface for 
transferring data to a slave medium; wherein, the chan- 
nels of the uneven pattem are of a depth In the 50-1 000 
nm range Immediately after the manufacture of said me- 
dium, and the surface of the protrusion portions Is 
ground at least once after the manufacture and before 
the use of said medium, and then the medium Is used. 
[0026] Further, yet still another magnetic transfer 
master medium according to the present Invention Is a 
magnetic transfer master medium provided with an un- 
even surface for transferring data to a slave medium; 
wherein, the channels of the uneven pattem are of a 
depth in the 50-1000 nm range Immediately after the 
manufacture of said medium, and the surface of the pro- 
trusion portions Is ground at least once after said medi- 
um has been used, and then said medium Is reused. 
[0027] The phrase "Immediately after the manufac- 
ture" refers to the master medium in the state occurring 
after a series of manufacturing processes has been 
completed and the medium Is capable of being used for 
performing magnetic transfer, and the medium has not 
yet been used. Accordingly, in general, during the 
course of carrying out manufacturing processes to make 
a magnetic transfer master medium, a grinding process, 
for example, is perfomried for cases such as those In 
which burrs are present on the surface of the protrusion 
portions of the uneven pattern, or the like; this grinding 
process differs from the grinding process described 
above. 

[0028] Further, the referents of "afterthe manufacture 
and before the use of said medium" can Include the state 
Immediately after the manufacture of the medium has 
been completed and before it has been used, and the 
state occurring after the medium has been used once 
and before the medium has been reused. 
[0029] The method of using the magnetic transfer 
master medium according to the present invention is a 
method of using a magnetic transfer master medium 
provided with an uneven surface for transferring data to 
aslave medium; wherein, said magnetic transfer master 
medium is used afterthe surface of the protrusion por- 
tions of the uneven pattern has been ground at least 
once Immediately afterthe manufacture of said medium. 
[0030] Further, another method of using the magnetic 
transfer master medium according to the present Inven- 
tion Is a method of using a magnetic transfer master me- 
dium provided with an uneven surface for transferring 
data to a slave medium; wherein, said magnetic transfer 
master medium Is reused after the surface of the pro- 
trusion portions of the uneven pattem has been ground 
at least once after said master medium has been used. 
[0031] Stilifurther, each of the above-described meth- 
ods of using the magnetic transfer master medium ac- 
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cording to the present invention can be a method where- 
in the surface of the protrusion portions of the uneven 
pattern fonned on the magnetic transfer master medium 
Is ground according to the extent to which said surface 
is marred. 

[0032] IHere, the phrase "ground according to the ex- 
tent to which said surface is marred" can refer to the 
perfonnance of the grinding of the surface of the protru- 
sion portions of the uneven pattern based on a prede- 
termined number of times or a predetennlned number 
of days which the medium has been used, or based on 
an Inspection of the surface fomn of the surface of said 
protrusion portions. 

[0033] According to the magnetic transfer master me- 
dium of the present invention, because the uneven pat- 
tern has been fomned so that there are no depression 
portions that are surrounded by protrusion portions on 
all four sides, the problem occurring when a convention- 
al magnetic transfer master medium Is used, as de- 
scribed above, wherein air remains In the depression 
portions surrounded on all four sides by protrusion por- 
tions when the master and slave mediums are brought 
into close contact and the contact property between the 
respective surfaces has been thereby deteriorated, can 
be avoided, and the contact property between the mas- 
ter and slave mediums can be Improved. By improving 
the contact property between the master and slave me- 
diums, signal omissions can be prevented, and the qual- 
ity of the transferred signal can be Improved. 
[0034] According to another magnetic transfer master 
medium of to the present Invention, because a rough 
surface has been formed on the surface of the protru- 
sion portions of the uneven pattern, which is brought into 
contact with the slave medium, compared to the case In 
which the surface of the protrusion portions of a conven- 
tional magnetic transfer master medium is brought into 
contact with a slave medium, because the actual sur- 
face area with which the surface of the slave medium Is 
brought into contact can be made smaller, the coefficient 
of the friction, In particular, that occumng between said 
two surfaces during the performance of the position de- 
termining thereof when both of said surfaces are 
brought into close contact can be lowered; as a result, 
the wear-out period of the uneven pattern can be ex- 
tended. Accordingly, the life span of the master medium 
can be lengthened, whereby it becomes possible to 
transfer data to a larger number of slave mediums. 
Therefore, the costs Incurred in perfomnlng magnetic 
transfer can be reduced, and prefomnatted slave medi- 
ums can be provided at a low cost. 
[0035] Further, after the slave medium has been 
brought into close contact with the master medium and 
the transfer has been effected, there are cases In which 
It Is difficult to peel the slave medium from the master 
medium, and it becomes necessary to apply an exces- 
sive amount of force to effect the separation thereof; al- 
though this excessive force Is sometimes the cause of 
damage to the mediums, according to the present In- 



vention, if the actual contact surface area between said 
two mediums Is small, an effect Is produced whereby 
one potential cause of damage to said mediums is elim- 
inated. 

s [0036] Still further, by forming a rough surface, be- 
cause It becomes easy to remove air when the slave 
medium is brought Into close contact with the master 
medium, the contact characteristics between the re- 
spective surfaces of the master and the slave medium 

10 can be Improved. By improving these contact charac- 
teristics, the occurrence of signal omissions can be pre- 
vented, and the recording quality of the transferred sig- 
nal can be improved. 

[0037] According to yet another magnetic transfer 
IS master medium of the present Invention, because the 
surface of the protrusion portions of the uneven pattern 
formed on said medium magnetic transfer master me- 
dium is ground at least once after the manufacture 
thereof and before said medium Is used, even if the sur- 
20 face of said protrusion portions Is marred, the marks 
thereon can be removed by the grinding process and 
the medium can be provided for use having a desirable 
surface state. 

[0038] According to still yet another magnetic transfer 

25 master medium of the present Invention, because the 
surface of the protrusion portions of the uneven pattern 
formed thereon is ground at least once after said medi- 
um has been used, and then said medium is reused, 
even if the surface form of said protrusion portions is 

30 worn due to usage, or has been manned by dust or other 
foreign matter that has adhered thereto, the surface 
state can be restored by the grinding process and the 
medium can be made available for reuse having a de- 
sirable surface state. 

35 [0039] According to the method of using the magnetic 
transfer master medium according to the present inven- 
tion, because the magnetic transfer master medium is 
used after the surface of the protrusion portions of the 
uneven pattern f onned thereon has been ground at least 

40 once immediately afterthe manufacture of said medium, 
even for cases in which the surface of said protrusion 
portions is marred, said medium Is used after said marks 
have been removed by the grinding process, whereby 
It becomes possible to obtain a high quality magnetic 

45 transfer. Further, in this way, the master medium can be 
used repeatedly; as a result, the life span of the master 
medium can be lengthened, whereby it becomes possi- 
ble to transfer magnetic data therefrom to a larger 
number of slave mediums. Accordingly, the cost in- 

50 curred in the magnetic transfer operation can be cut, 
whereby it becomes possible to provide prefomnatted 
slave mediums at a lower price. 
[0040] Further, according to another method of using 
the magnetic transfer master medium according to the 

55 present invention, because said magnetic transfer mas- 
ter medium is reused after the surface of the protrusion 
portions of the uneven pattern has been ground at least 
once after said medium has been used, even for cases 
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in which the surface state of said protrusion portions is 
worn out due to usage, and including cases in which said 
surface state has been marred by dust or other foreign 
matter that has adhered thereto, said medium Is used 
after said marks have been removed and the surface 
state thereof has been restored by the grinding process, 
whereby It becomes possible to obtain a high quality 
magnetic transfer. Further, In this way, the master me- 
dium can thereby be used repeatedly; whereby the life 
span of the master medium can be lengthened, and the 
and it becomes possible to transfer magnetic data there- 
from to a larger number of slave mediums. Accordingly, 
the cost Incurred In the magnetic transfer operation can 
be cut, whereby It becomes possible to provide prefor- 
matted slave mediums at a lower price. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0041] 

Figure 1 is a drawing of a perspective view of a mas- 
ter medium and a slave medium, 
Figures 2A, 2B, and 2C are drawings Illustrating the 
basic processes of a magnetic transfer method, 
Figure 3 Is a drawing showing a perspective view 
of the surface form of a portion of the uneven pattern 
formed on the surface of the master medium of the 
first embodiment of the present invention, 
Figure 4 is a drawing showing a perspective view 
of thesurfacefonnof aportion of the uneven pattern 
formed on the surface of the master medium of the 
second embodiment of the present Invention, 
Figure 5 is a perspective drawing showing the main 
sections of the magnetic transfer apparatus for per- 
forming a magnetic transfer utilizing the master me- 
dium according to one of the embodiments of the 
present invention. 

Figure 6 Is a drawing showing a breaicdown of the 
conjoined body shown in Fig. 1 , 
Figure 7 is a cross-sectional drawing of a portion of 
the master medium of the third embodiment of the 
present Invention, 

Figure 8 is a drawing of a cross-section of a portion 
of the master medium of the fourth embodiment of 
the present invention, 

Figure 9 Is a drawing of a cross-section of a portion 
of the master medium of the fifth embodiment of the 

present invention, 

Figure 1 0 is a drawing of a cross-section of a portion 
of the master medium of the sixth embodiment of 
the present Invention, 

Figure 11 is adrawing of a cross-section of a portion 
of the master medium of the seventh embodiment 
of the present invention, 

Figures 12A, 128, and 12Gare drawings illustrating 
the method of using the master medium of one of 
the embodiments of the present invention, and 
Figure 13 is a drawing of a perspective view of the 



uneven pattern of a conventional master medium. 

DESCRIPTION OF THE PREFERRED 
EIWBODIIVIENTS 

5 

[0042] Hereinafter, the preferred embodiments of the 
present invention will be described In detail with refer- 
ence to the attached drawings. First, the basic process- 
es of a magnetic transfer for transferring data by use of 

10 a master medium to a slave medium will be explained 
with reference to Figs. 1 and 2. 
[0043] Fig. 1 shows a perspective view of a slave me- 
dium 2 and master mediums 3 and 4. The slave medium 
2 is, for example, a flexible disk, e.g., a disk shaped re- 

is cording medium 2a having a hub 2b fixed at the center 
portion thereof, wherein the recording medium 2a com- 
prises a disk shaped, non-magnetic base 2c formed of 
a flexible polyester sheet or the like, which has formed 
on both faces thereof a recording surface 2d and a re- 

20 cording surface 2e, respectively, which are each formed 
of a magnetic layer. Here, although a flexible disk has 
been used as an example, the slave medium Is not lim- 
ited thereto; the master medium according to the 
present invention can also be used for magnetically 

25 transferring data to a hard disk. 

[0044] Further, each of the master mediums 3 and 4 
are formed of a hard material as an annular disk, and is 
provided on one face thereof with a transfer data bearing 
surface on which has been fomned a micro uneven pat- 

30 tern that is brought into close contact with the recording 
surfaces 2d and 2e of the slave medium 2. The master 
mediums 3 and 4 have an uneven pattern formed ther- 
eon corresponding to the lower recording surface 2d of 
the slave medium 2 and the upper recording surface 2e 

35 of the slave medium 2, respectively. Taking the master 
medium 3 as an example, the uneven pattern thereon 
Is formed of the donut shaped region enclosed by the 
dotted line shown In Fig. 1 . Note that although the mas- 
ter mediums 3 and 4 shown In Fig. 1 comprise respec- 

40 tive substrates 3a and 4a on each of which an uneven 
pattern is formed, and pliable magnetb layers 3b and 
4bfonned on the uneven pattems, respectively, for cas- 
es in which the substrate 3a and the substrate 4a are 
formed of a ferromagnetic material such as Ni orthelike, 

45 it is possible to perfomi the magnetic transfer by use of 
only the substrate; therefore, it Is not necessarily re- 
quired that the magnetic layers 3b and 4b (pliable mag- 
netic layers) be provided. However, if a magnetic layer 
having good magnetic properties is provided, a higher 

so quality magnetic transfer can be performed. Note that 
for cases In which the substrate is formed of a non-mag- 
netic material, it is necessary that the magnetic layer be 
provided. 

[0045] Still further, if a protective film such as Dia- 
S5 mond-LIke Carbon (DLC) or the like is coated on the top 
layer, this protective film improves the contact durability, 
enabling the performance of multiple magnetic trans- 
fers. Also, a silicon layer applied by a sputtering process 
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or the like can be provided as an under layer of the DLC 
protective layer. 

[0046] Figs. 2A, 2B, and 2C are drawings illustrating 
the basic processes of the magnetic transfer method uti- 
lizing the master medium according to the present In- 
vention. Fig. 2A Illustrates the process wherein a mag- 
netic field Is applied In one direction and the slave me- 
dium is inrtially magnetized with direct current magnet- 
ism. Fig. 2B illustrates the process wherein the master 
medium and the slave medium are brought into close 
contact and a magnetic field is applied in the direction 
opposite to that in which the initial magnetic field was 
applied. Fig. 2C illustrates the state after the magnetic 
transfer has been perfonned. Note that in Figs. 2A, 2B, 
and 2C, as to the slave medium 2, only the lower face 
recording surface 2d thereof Is shown. 
[0047] The basic outline of the magnetic transfer 
method Is as follows. A shown in Fig. 2A, first, an initial 
magnetic field HIn is applied to the slave medium 2 In 
one direction of the track direction; whereby the Initial 
magnetization of the slave medium (direct current mag- 
netization) is effected. Then, as shown in Fig. 28, the 
recording surface 2d of the slave medium 2 and the 
transfer data bearing face of the master medium 3, 
which is the coated micro uneven pattern formed on the 
substrate 3a and coated with the magnetic layer 32, are 
brought into close contact, and a transfer magnetic field 
Hdu is applied in the track direction of the slave medium 
2 opposite the direction in which the Initial magnetic field 
Hin was applied, whereby the magnetic transfer Is car- 
ried out. As a result, the data (a servo signal, for exam- 
ple) corresponding to the uneven pattern of the data 
bearing surface of the master medium 3 Is magnetically 
transferred and recorded on the magnetic recordlngsur- 
face (the track) of the slave medium 2, as shown In Fig. 
2C. Here, an explanation has been given for the lower 
face recording surface 2d of the slave medium and the 
lower master medium 3; however, as shown in Fig. 1 , 
the upper face recording surface 2e and the upper mas- 
ter medium 4 are brought into close contact and the 
magnetic transfer Is perfonned in the same manner. The 
magnetic transfer to the upper and lower face recording 
surfaces 2d and 2e of the slave medium 2 can be per- 
formed concurrently, or sequentially one face at a time. 
[0048] Further, even for cases in which the uneven 
pattern of the master medium 3 is a negative pattern, 
the opposite to that of the positive pattern shown in Fig. 
28, by reversing the above described directions in which 
the initial magnetic field Hin and the transfer magnetic 
field Hdu are applied, the same data can be magneti- 
cally transferred and recorded. Note that as to the initial 
magnetic field and the transfer magnetic field, it is nec- 
essary that a value therefor be detemnined based on a 
consideration of the coercive magnetic force of the slave 
medium 2, and the relative magnetic penneabllity of the 
master and slave mediums. 

[0049] Next the uneven pattem fonned on the master 
mediums according to the embodiments of the present 



invention will be explained. Fig. 3 and 4 show perspec- 
tive drawings of a portion of the uneven pattern formed 
on the master mediums according to the first and sec- 
ond embodiments of the present invention. 
5 [0050] According to the uneven pattern formed on the 
master medium according to the first embodiment 
shown In Fig, 3, the width W1 in the direction of the track 
pitch of the protrusion portions 11 thereof is formed so 
as to be shorter that the track pitch P. Accordingly, the 
10 depression portion 72 surrounded by the protrusion por- 
tions occun-ing in the conventional uneven pattern 
shown in Fig. 13 is used is not present in the master 
medium shown in Fig. 3. 8y forming the protrusion por- 
tions smaller than the width occurring in the convention- 
's ai pattem P, although a signal smaller in width than that 
occun-ing in the conventional pattern is fonned on the 
track on the slave medium, if this width is the same as 
the width H of the magnetic head that reads out the sig- 
nal of the slave medium, there is no deterioration of the 
20 C/N of the signal fonned within a single track. However, 
within the formed pattern there are signals formed so as 
to straddle tracks (e.g., burst signals); regarding a signal 
on the slave medium corresponding to a protrusion por- 
tion that has been fomied to straddle two tracks on the 
25 master medium, although a signal one half the width of 
a conventional magnetic head has been readout within 
a single track, because in the case of the current em- 
bodiment the width of the signal to be readout Is smaller 
than one half the width W of the magnetic head, there 
30 is a possibility that the C/N will be deteriorated. Howev- 
er, the master medium according to the current embod- 
iment has been Improved so that the contact character- 
istics between said master medium and the slave me- 
dium are improved, whereby the occurrence of signal 
33 omissions due to contact deficiencies is suppressed, 
and the problem of a deterioration of the C/N of a portion 
of the signal is minor in comparison to that of a signal 
omission. 

[0051] According to the uneven pattern formed on the 

40 master medium of the second embodiment shown in 
Fig. 4, regarding a protrusion portion 21 , which is formed 
within a single track, each width W2 In the direction of 
the track pitch is formed so as to be shorter than each 
track pitch P; as to a protrusion portion 22, which Is 

45 fomned so as to straddle two tracks, the width W3 in the 
direction of the track pitch is formed so as to be substan- 
tially the same as the track pitch P. The reason that pro- 
trusion portions having different lengths have been 
fonned in this manner is to suppress the deterioration 

50 in the C/N occurring In the fomi of the uneven pattern 
according to the first embodiment described above; ac- 
cording to the form of the uneven pattern according to 
the cun-ent embodiment shown in Fig. 4, deficiencies in 
the contact between the master medium and the slave 

55 medium do not occur, and the magnetic transfer can be 
carried out without incurring a deterioration of the C/N. 
[0052] Note that the uneven pattem formed on the 
master medium according to the present invention is not 
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limited to the uneven patterns occurring in the first and 
second embodiments described above; any pattern 
from among the conventional patterns wherein the po- 
sitions at which depression portions surrounded by pro- 
trusion portions on all sides are made Into a form In 
which a portion of one or more of the protrusion portions 
on the periphery of said surrounded depression portion 
is cut away so as to provide at least one portion on said 
periphery that Is not a protrusion portion, thereby allow- 
ing the release of air therefrom, can be used. 
[0053] Hereinafter a specific magnetic transfer meth- 
od will be explained. Fig. 5 is a perspective view of the 
main sections of the magnetic transfer apparatus ac- 
cording to one of the embodiments of the present inven- 
tion in the transfer state. Fig. 6 Is an exploded perspec- 
tive view of the conjoined body according to the first em- 
bodiment. 

[0054] The magnetic transfer apparatus 1 shown In 
Figs. 5 and 6 Is a magnetic transfer apparatus that per- 
forms double sided simultaneous transfer: the master 
mediums 3 and 4 are brought into close contact under 
pressure with the upper and lower recording surfaces of 
the slave medium 2, respectively, to form a conjoined 
body 1 0; while said conjoined body 10 Is being rotated 
a transfer magnetic field Is applied thereto by an elec- 
tromagnetic apparatus 5 (a magnetic field producing ap- 
paratus) disposed above and below the conjoined body 
1 0; whereby the data born on the master mediums 3 and 
4 is transferred to both the respective upper and lower 
face of the slave medium 2 concurrently. 
[0055] The conjoi ned body 1 0 comprises a lower-face 
master medium 3 for transferring data such as a servo 
signal or other data to the lower recording surface of the 
slave medium 2; an upper-face master medium 4 for 
transferring data such as a servo signal or other data to 
the upper recording surface of the slave medium 2; a 
lower-face pressure conjoining member 8 provided with 
a lower face leveling element 6 for adsorbing the lower- 
face master medium 3 and correcting the flatness there- 
of; an upper-face pressure conjoining member 9 provid- 
ed with an upper face leveling element 7 (of the same 
configuration as the lower face leveling element 6) for 
adsorbing the upper-face master medium 4 and correct- 
ing the flatness thereof; pressure is applied to these 
while in the state in which the respective center portions 
thereof have been matched, and the lower-face master 
medium 3 and the upper-face master medium 4 are 
brought into close contact with the respective upper and 
lower recording surfaces of the slave medium 2. 
[0056] The face of the lower-face master medium 3 
and the upper-face master medium 4 opposite the face 
thereof on which the micro uneven pattern has been 
formed are vacuum adsorbed by the lowerface leveling 
element 6 and the upper face leveling element 7, re- 
spectively. When necessary, in order to Improve the con- 
tact characteristics between the slave medium 2 and the 
lower-face master medium 3 and the upper-face master 
medium 4, fine pores are provided at positions other 



than those on which the micro uneven pattern has been 
formed and on positions not communicating with the 
suction pores (described below) of the lower face lev- 
eling element 6 and the upper face leveling element 7 

5 so as to penetrate through the front and back surfaces 
thereof; the air between the close contact surfaces of 
the slave medium 2 and the surface of the respective 
master medium Is suctioned out and expelled. At this 
time, because the air between the slave medium 2 and 

10 the contours of the uneven pattem such as that de- 
scribed above formed on the master medium according 
to the present invention is completed suctioned out and 
expelled, the contact characteristics are extraordinarily 
good. 

15 [0057] The lowerface leveling element 6 (of the same 
configuration as the upper face leveling element 7) is 
provided in the form of a disk corresponding to the size 
of the master medium 3, and an adsorption surface 6a 
finished so as to have an average surface roughness of 

20 Rp 0.01 -0. 1 um at the center line thereof is provided on 
the surface thereof. This adsorption surface 6a is pro- 
vided with approximately 25-100 suction pores having 
a diameter of 2 mm or less, and which are substantially 
uniform at the opening thereof. Although not shown In 

25 the drawing, these suction pores 6b are connected to a 
vacuum pump via a suction channel that extends from 
the interior portion of the lower face leveling element 6 
to the exterior portion of the lower-face pressure con- 
joining member 8, which provides the suction thereof; 

30 the suction pores 6b adsorb, under the force of vacuum 
suction, the rear face of the master medium 3 that has 
been brought into close contact with the suction contact 
face 6a, and corrects the flatness of said mastermedlum 
3 so that said flatness parallels that of the suction con- 

35 tact face 6a. 

[0058] The lower-face pressure conjoining member 8 
and the upper-face pressure conjoining member 9 are 
opened and closed by an opening and closing mecha- 
nism (e.g., a pushing mechanism, a fastening mecha- 

40 nism) which is not shown in the drawing, and which is 
provided in the form of a disk that Is movable In one or 
both of the axial directions thereof; these are conjoined 
by the mutual, predetennined pressure of each respec- 
tive opening and closing mechanism. On the outer cir- 

45 cumf erence of the lower-face pressure conjoining mem- 
ber 8 and the upper-face pressure conjoining member 
9 are provided brim portions 8a and 9a, respectively; 
said brim portions 8a and 9a are brought into contact 
with each other when the closing operation is performed 

50 so as to maintain the Inner portion in a tightly closed 
state. A pin 8b is formed on the center pori:lon of the 
lower-face pressure conjoining member 8, which cou- 
ples with the central aperture of the hub 2b of the slave 
medium 2 so as to align the positions thereof. Further, 

S5 the lower-face pressure conjoining member 8 and the 
upper-face pressure conjoining member 9 are connect- 
ed by a rotating mechanism (not shown) and are rotated 
thereby as an integral unit. 
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[0059] Because the magnetic transfer operation can 
be performed on a plurality of slave nnediums using a 
single pair of a lower-face master medium 3 and an up- 
per-face master medium 4, with regard to the conjoined 
body 10: the center positions of the respective suction s 
contact faces 6a of the lower face leveling element 6 
and the upper face leveling element 7 are matched and 
conjoined by vacuum adsorption to the lower-face mas- 
ter medium 3 and the upper-face master medium 4, re- 
spectively, and maintained in said conjoined state; and io 
the setting and replacing of the slave medium is per- 
formed while the lower-face pressure conjoining mem- 
ber 8 and the upper-face pressure conjoining member 
9 are in the separated state. After the center position of 
the slave medium 2, to which an Initial magnetic field is 
has been applied in advance in one direction of the track 
direction, Is aligned, and said slave medium 2 is set, the 
lower-face pressure conjoining member 8 and the up- 
per-face pressure conjoining member 9 are brought to- 
gether and closed, whereby the master mediums 3 and 20 
4 are brought Into close contact with the respective re- 
cording surfaces of the slave medium 2. Then, by the 
movement of the upper and lower electromagnetic ap- 
paratuses 6 or the movement of the conjoined body 1 0, 
the upper and lower faces of the conjoined body 1 0 ap- 25 
proach the respective upper and lower electromagnetic 
apparatuses 5. While said conjoined body 10 is being 
rotated, the transfer magnetic field Hdu is applied in the 
direction opposite that in which the Initial magnetic field 
was applied to the slave medium 2. The data born on so 
the surface of the uneven pattern of the lower face mas- 
ter medium 3 and the upper face master medium 4 is 
transferred to the respective recording surface of the 
slave medium 2 by the application of this transfer mag- 
netic field. 35 
[0060] If the master medium according to the present 
invention is used as described above, because there is 
no remaining air between the master and slave medi- 
ums, advantageous contact characteristics therebe- 
tween can be obtained, the occurrence of signal omis- 40 
sions when the magnetic transfer is performed can be 
prevented, and the quality of the transfer can be Im- 
proved. 

[0061] Note that here, although an explanation of an 
embodiment wherein the magnetic transfer has been 45 
perfomned concurrently for both recording surfaces of 
the slave medium, the transfer can also be perfonned 
sequentially, one recording surface at a time. Note that 
an effect whereby the position determination between 
the master and slave mediums Is better is obtained by so 
use of the single-face transfer. 

[0062] A synthetic resin, a ceramic material, an alloy, 
aluminum, glass, quartz, silicon, nickel, or the like Is 
used to fomi the substrate of the master medium. The 
uneven pattern can be fomned by use of a stamping 55 
method, a photo fabrication method, or the like. It is pref- 
erable that the depth (the height of the protrusions) of 
the uneven pattern fonmed on the substrate be in the 



range of 80-800 nm; and more preferably, in the range 
of 150-600 nm. For cases in which this uneven pattern 
is that of a servo signal, said pattern Is fomned longer in 
the radial direction thereof. For example, it is preferable 
that the length in the radial direction be 0.06-20 urn, and 
0.05-5 um in the circumferential direction; it Is preferable 
that a pattern of this type, In which the length In the radial 
direction is longer and within this range, is selected as 
the pattern for bearing servo signal data. 
[0063] As to the material formin^f the pliable magnetic 
layer, Co, a Co alloy (CoNI, CoNiZr, CoNbTaZr, or the 
like), Fe, an Fe alloy (FeCo, FeCoNI, FeNilWo, FeAISi, 
FeAl, FeTaN), Ni, a Nl ailoy (NIFe), or the like can be 
employed therefor; it Is particularly preferable that 
FeCo, or FeCoNI be employed. This pliable magnetic 
layer Is formed of a magnetic material by use of a vac- 
uum layer fomilng means such as a vacuum deposition 
method, a sputtering method, an ion platting method, or 
by a metal plating method, etc. It is preferable that the 
thickness of the pliable magnetic layer be In the range 
of 50-500 nm, and even more preferably, in the range 
of 100-400 nm. 

[0064] Hereinafter a more detailed explanation of the 
manufacture of a master medium according to the 
present invention will be given. Here, the manufacture 
of a master medium on which the uneven pattern fomnecl 

on the substrate thereof is fonned by use of a stamping 
method will be explained. 

[0065] First, a photoresist is formed on a glass (or 
quartz) substrate having a smooth, flat surface, by use 
of a spin coat process or the like. While this glass sub- 
strate is rotated, a laser beam (or an electron beam) 
modulated in correspondence to a servo signal Is pro- 
jected onto the surface thereof, and a predetemnlned 
pattern is exposed on the entire surface of the photore- 
sist: for example, portions corresponding to each frame 
on the circumference corresponding to the pattern of a 
servo signal, which extends from the rotational center 
point of each track In the radial direction therefrom, are 
exposed; then, a photoresist development process is 
performed; the exposed portions of the photoresist are 
removed; and an original disk having an uneven pattern 
formed of photoresist is obtained. Next, the surface of 
the uneven pattern thus fonned on the surface of the 
original disk is subjected to a plating process (electro- 
forming), whereby a Ni substrate having a positive un- 
even pattern is fonned; said Ni substrate Is then peeled 
away from the original disk. This Ni substrate can be 
employed as a master plate as is, or after a non-mag- 
netic layer, a pliable magnetic layer, or a protective layer 
has been further applied over the uneven pattern there- 
of. Further, the aforementioned original disk can be met- 
al plated to form a second original disk, and this second 
original disk used to perform afurther metal plating proc- 
ess, whereby a substrate having a negative uneven pat- 
tern can be fonned. Also, a third original disk can be 
formed by metal plating the second original disk or by 
Impressing a synthetic resin Into said disk and letting the 
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resin harden; this third original disl<can be metal platted 
to obtain a substrate having a positive uneven pattern. 
[0066] Note that after the uneven pattern of photore- 
sist has been formed on the glass substrate, etching can 
be perfomned to fonn holes in the glass substrate, 5 
whereby a substrate from which photoresist has been 
removed can be obtained; a substrate can be fonned 
therefrom based on any of the methods described 
above. 

[0067] Ni or a Ni alloy can be used as the material to io 
form a metallic substrate, and any of various types of 
methods of fomriing a metallic layer, Including electro- 
less deposition methods, electrofomning methods, sput- 
tering methods, and ion plating methods can be em- 
ployed as the plating method usedtoformthissubstrate. is 
For cases in which the substrate is fomned of NI or other 
ferromagnetic material, it is possible to perfonn the mag- 
netic transfer by only the substrate; however, by provid- 
ing a layer having good transfer characteristics, a more 
favorable magnetic transfer can be performed. Further, 20 
for cases in which the substrate is fonned of a non-mag- 
netic material, it Is necessary to provide a magnetic layer 
thereon. 

[0068] This magnetic layer (pliable magnetic layer) is 
formed by a method of vacuum depositing, sputtering, 25 
or ion plating a magnetic material onto the surface of the 
substrate. 

[0069] Note that as described above, it Is preferable 
that a DLC or other type of protective layer is formed on 
the magnetic layer, and a lubricating layer can also be 30 
provided. Further, It Is even more preferable that the pro- 
tective layer be a 5-30 nm DLC film and that a lubricating 
layer Is also provided. Also, a contact enhancing layer 
formed of Si or the like can also be provided. 
[0070] A resin substrate can also be formed utilizing 35 
the aforementioned original disk, and a magnetic layer 
can be fomried thereon and the resulting product used 
as a master medium. As to the resin material used to 
form the resin substrate, it is possible to use an acrylic 
resin such as polycarbonate or polymethylmethacrylate 40 
(PMMA), a chlorinated vinyl resin such as polychlorin- 
ated vinyl or copolymerlzed chlorinated vinyl, an epoxy 
resin, an amorphous polyolefin, a polyester, or the like. 
From the point of view of lubricity, dimensional stability, 
cost, and the like. It Is preferable that polycarbonate be 45 
used as said resin material. For cases in which there 
are burrs or the like adhered to the surface of a formed 
substrate, said burrs or the like Is removed by use of a 
varnish or a polish. It is preferable that the height of the 
protrusions of the pattern formed on a resin substrate so 
are in the 50-1000 nm range; more preferably, in the 
200-500 nm range. 

[0071] A magnetic layer is coated over the micro un- 
even pattern formed on the surface of the resin sub- 
strate to obtain a master medium. Note that the mag- ss 
netic layer Is fonned by use of a vacuum film fonning 
means employing a vacuum deposition method, a sput- 
tering method, an Ion platting method or the like, or by 



use of a plating method. 

[0072] Next, a detailed explanation will be provided of 
an embodiment of a master medium according to the 
present invention wherein a rough surface has been 
formed on the surface of the protrusion portions of the 
uneven pattern. Figs. 7-11 are drawings each showing 
a cross-section of a portion of a master medium accord- 
ing to the third through seventh embodiments of the 
present invention, respectively. The substrate of the 
master mediums according to the third through sixth em- 
bodiments of the present invention shown In Figs. 7-10 
is a substrate on which an uneven pattern has been 
fonned on the surface thereof, and this substrate has 
been obtained by use of, for example, the stamping 
method described above. 

[0073] According to the master medium 1 3 of the third 
embodiment shown In Fig. 7: the surface of the protru- 
sion portions of the uneven pattern that has been formed 
on the substrate 13a is textured by use of a grinding 
process or a laser, whereby micro depressions and pro- 
trusions 15 are fonned thereon; and a pliable magnetic 
layer 13b Is formed on said surface having the micro 
depressions and protrusions 15. That Is to say, the pli- 
able magnetic layer 13b provided on the surface of the 
protrusions of substrate 13a having the micro depres- 
sions and protrusions 15 has an uneven surface (a 
rough surface) corresponding to said micro depressions 
and protrusions 15. 

[0074] According to the master medium 23 of the 
fourth embodiment shown in Fig. 8: a layer of granular 
material 25, such as SIO2 or the like, is coated onto the 
surface of the uneven pattern that has been formed on 
the substrate 23a; and a pliable magnetic layer 23b is 
formed over the surface of said granular material 25. 
That Is to say, an uneven surface (a rough suri'ace) 27 
con^esponding to the surface of the granular material 25 
coated on the substrate 23a Is formed on the surface of 
the pliable magnetic layer 23b. 

[0075] According to the master medium 33 of the fifth 
embodiment shown in Fig. 9: a pliable magnetic layer 
33b Is formed, by use of a sputtering process or the like, 
on the suri'ace of the uneven pattern that has been 
formed on the substrate 33a; however, by changing the 
conditions under which said pliable magnetic layer 33b 
Is formed by use of a sputtering process or the like, the 
roughness of the surface thereof can be controlled, 
whereby a rough surface 37 can be fonned on the sur- 
face of the uneven pattern by this surface roughness. 
[0076] According to the master medium 43 of the sixth 
embodiment shown in Fig. 1 0: a layer of porous material 
4 Is formed on the surface of the uneven pattern that 
has been formed on the substrate 43a; and a pliable 
magnetic layer 43b Is fonned over the surface of said 
porous material 26. That Is to say, a rough surface 47 
con-esponding to the surface fonn 45 of said porous ma- 
terial 44 Is formed on the surface of the pliable magnetic 
layer 43b provided over the layer of porous material 44. 
It is desirable that the volume ratio of this porous mate- 
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rial 44 is 30-99%, and that the surface roughness there- 
of is in the range of Rp 0.0001-0.1. 
[0077] Note that this f iim of porous material can be a 
film formed on the substrate of a material differing there- 
from; alternatively, the material of which the uneven pat- 
tern that has been formed on the surface of the sub- 
strate, such as nickel, silicon, quartz, glass, aluminum, 
an alloy, ceramics, a synthetic resin, or the like, can be 
subjected to a process that causes the surface said un- 
even pattern to become porous. 
[0078] As to the method of causing the surface of the 
uneven pattern to become porous, it is possible to em- 
ploy a sintering method or a casting method; however, 
in order to fomn more microscopic depressions and pro- 
trusions, it is recommended that an electrical or chemi- 
cal deposition method be applied to the molded surface, 
and that said surface besubjectedto awash with a liquid 
polymer or the like and then subjected to an etching 
process. 

[0079] According to the master medium 63 of the sev- 
enth embodiment shown in Fig. 11: an uneven pattern, 
which Is formed by a pliable magnetic layer, Is fomned 
on a flat substrate 53a. In this manner, the uneven pat- 
tern of the master medium can be formed of the pliable 
magnetic layer 53b. According to this master medium 
53: a pliable magnetic layer 53b having a rough surface 
57 is formed on the substrate 53a under appropriate film 
forming conditions, in the same manner as occurred in 
the third embodiment described above; then, the une- 
ven pattern is fomned by use of, for example, a photo 
fabrication method. Note that in order to fomn the rough 
surface, in the same manner as occurs in the case of 
the master medium according to the third, fourth, orsixth 
embodiments, the rough surface of the substrate can be 
subjected to a texturing process, a coat of granular ma- 
terial can be provided between the substrate and the 
pliable magnetic layer, or a porous film can be provided 
between the substrate and the pliable magnetic layer, 
etc. 

[0080] According to each of the embodiments de- 
scribed above, for cases in which the rough surface of 
the uneven pattern is fomned of depression portions and 
protrusion portions, it is desirable that the depth of the 
depression portions of the rough surface be in the range 
of 3-50 nm; and more preferably, in the 5-20 nm range. 
[0081] Further, according to the master medium of 
each of the embodiments described above, a protective 
layer can be provided over the pliable magnetic layer. 
For cases In which a protective layer is provided over 
the pliable magnetic layer, a rough surface is fomned on 
the surface of the protective layer, which is the topmost 
layer, corresponding to the surface of the rough surface 
of the pliable magnetic layer; as a result, a master me- 
dium having a rough surface on at least the surface of 
the protrusion portions of the uneven pattern can be ob- 
tained. 

[0082] If a magnetic transfer is perfomned using a 
master medium of any of the above-described embodi- 



ments according to the present Invention: because a 
rough surface has been provided on the surface of the 
uneven pattern, the actual contact surface area be- 
tween the master medium and the slave medium when 

5 the positions thereof are being matched is smaller than 
that of conventional master mediums; whereby the fric- 
tion coefficient therebetween Is reduced, and the wear- 
out time of the uneven pattern of the master medium 
can be extended; favorable contact characteristics, 

10 wherein It is possible to easily expeLthe air between the 
respective surfaces of the master and slave mediums 
when said suri'aces are brought into close contact; and 
It becomes possible to easily separate the master and 
the slave medium after a magnetic transfer has been 

IS performed. Accordingly, the life span of the master me- 
dium can be lengthened, and a more favorable magnetic 
transfer can be performed. 

[0083] Next, the method of using the master mediums 
according to the present invention will be explained with 

20 referenceto Figs. 12A, 12B, and 12C. Fig 12Ais across- 
sectional drawing of a portilon of a master medium in the 
state Immediately after the manufacture thereof. Fig. 
1 2B is a cross-sectional drawing of a portion of a master 
medium that has been subjected to repeated usage, 

25 whereby the surface thereof has become marred. Fig. 
12C is a cross-sectional drawing of a portion of the mas- 
ter medium shown in Fig. 12B after being subjected to 
a grinding process and In the state in which reuse there- 
of is possible. 

30 [0084] As shown in Fig. 1 2A, the depth d of the une- 
ven pattem of the master medium 3 Is fomned in the 
range of 50-1000 nm. Using this master medium 3, a 
magnetic transfer of the type shown In Fig. 1 and ex- 
plained thereby Is performed. During the course of per- 

35 forming the magnetic transfer on a plurality of slave me- 
diums, as shown in Fig. 128, the surface of the uneven 
pattern of the master medium 3 becomes man-ed with 
marks 5 due to friction generated between said surface 
and the respective surface of the slave medium when 

40 thepositionsthereof are matched, or dueto dust or other 
foreign matter that has adhered to said surface of said 
uneven pattern. If a master medium which Is marred in 
this manner, or of which the angles of the master medi- 
um become rounded or protrude, is employed to per- 

45 form a magnetic transfer, the transfer accuracy be- 
comes extraordinarily unfavorable. In the past, when a 
master medium has come to be In this marred, etc., 
state, said master medium has been replaced with a 
new master medium. 

50 [0085] Therefore, according to the method of using 
the master medium of the present invention, by grinding 
the surface of an uneven pattern that has become 
marred, the master medium 3 can be reused. The sur- 
face of the protrusion portions of the master medium that 

55 has become marred with the marks 5 at the sections 
shown in Fig. 128 is ground to the extent required to 
remove said mari<s 5 (to the vicinity of the position 
shown by the dotted line in Fig. 12). 
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[0086] A master medium on which the surface of the 
protrusion portions of the uneven pattern Is favorable, 
as shown in Fig. 12C, Is thereby reproduced, and can 
be reused. Although the depth of the depression por- 
tions of the uneven patter Is reduced by the grinding, It 
Is possible to repeatedly use this master medium until 
this depth Is In the range of 5-1 0 nm. However, because 
the lower limit of the depth of the uneven pattern de- 
pends on the width In the direction of the track, no overall 
definition thereof can be provided. 
[0087] in this manner, by grinding the surface of the 
protrusion portions of the uneven pattern and reusing 
the master medium, the life span of the master medium 
can be lengthened, whereby it becomes possible to per- 
form the magnetic transfer to a larger number of slave 
mediums. Note that the grinding of the surface of the 
protrusion portions of the uneven pattern can be per- 
fomned regulariy based on an experlentlally determined 
extent to which the surface of the protrusion portions has 
become marred, according to the number of times or a 
period during which the medium has been used, or 
based on the results of regular Inspections of thesurface 
form of the surface of said protrusion portions, as re- 
quired. 

[0088] Note that for a master medium that has been 
provided with a magnetic layer, a protective layer, or the 
like on the top layer thereof, because these upper layers 
are shaved off by the grinding, the films must be re- 
formed. However, compared to the case In which the 
master medium is formed from a substrate, the cost and 
trouble incurred thereby can be reduced. 
[0089] Note that although according to a method of 
using the master mediums described above, although 
the master mediums that have become marred after us- 
age thereof have been restored and reused, even In the 
state after production and before having been used, the 
surface of the protrusion portions of the uneven pattern 
can become marred during the manufacturing process, 
or during storage and handling; there are cases In which 
this results In a deterioration of the accuracy of the mag- 
netic transfer. According to another method of using the 
master mediums according to the present Invention: the 
surface of the protrusion portions of the uneven pattern 
is ground.after the manufacture and before the use 
thereof to obtain a favorable surface state; that Is, even 
for cases such as those described above wherein said 
surface Is damaged even though said master medium 
Is In the state after manufacture and before the use 
thereof, the marks can be removed by the grinding proc- 
ess and the condition of the surface made favorable, 
whereby It becomes possible to perfomn favorable mag- 
netic transfers. Further, by again grinding the surface of 
the protrusion portions of the uneven pattern and reus- 
ing the master medium, It becomes possible to perfomn 
the magnetic transfer to a larger number of slave medi- 
ums. 



Claims 

1. A magnetic transfer master medium provided with 
an uneven surface for transferring data to a slave 
5 medium, wherein 

said uneven pattern Is formed so that there are 
no depression portions therein that are com- 
pletely surrounded by protrusion portions. 
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A magnetic transfer master medium as defined in 
claim 1 , wherein 

the width of the protrusion portions of the une- 
ven pattern in the direction of the track pitch is 
formed so as to be narrower than said track 
width. 



3. A magnetic transfer master medium as defined in 
20 claim 1 , wherein 



the protrusion portions fomned within a single 

track are fomned so that the width thereof In the 
direction of the track pitch is narrower than said 
track width, and 

the protrusion portions fomned straddling two 
adjacent tracks are fomned so that the width 
thereof In the direction of the track pitch Is sub- 
stantially equal to said track width. 
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4. A magnetic transfer master medium provided with 
an uneven surface for transferring data to a slave 
medium, whereiri 

a rough surface Is fomned on the surface of the 
protrusion portions of the uneven pattern. 

5. A magnetic transfer master medium as defined in 
claim 4, comprising 

a substrate, 

an uneven pattern provided on the surface of 
said substrate, and 

a pliable magnetic layer fomned on at least the 
sections constituting the protrusion portions of 
said uneven pattern, wherein 
said rough surface corresponds to a rough sur- 
face formed by use of a surfacing process on 
at least the sections of the substrate on which 
the pliable magnetic layer has been formed. 

6. A magnetic transfer master medium as defined in 
claim 4, comprising 

a substrate, 

an uneven pattern provided on the surface of 
said substrate, 

a granular material coated onto at least the sec- 
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tlons of the surface of said uneven pattern con- 
strtuting the protrusion portions of said uneven 

pattern, and 

a pliable magnetic layer formed over said gran- 
ular material, wherein 5 
said rough surface is fomned according to the 
surface fomi of the protrusion portions that 
have been coated with said granular material. 

7. A magnetic transfer master medium as defined in io 
claim 4, comprising 

a substrate, 

an uneven pattern provided on the surface of 
said substrate, and is 
a pliable magnetic layer fonned on at least the 
sections constituting the protrusion portions of 
said uneven pattern, wherein 
said rough surface is formed as a surface 
roughness, the fomriation of which Is controlled 20 
by the fomriation conditions of the pliable mag- 
netic layer. 

8. A magnetic transfer master medium as defined In 
claim 4, comprising 25 

a substrate, 

an uneven pattern provided on the surface of 
said substrate, 

a film of porous material fornied on at least the so 
sections constituting the protrusion portions of 
said uneven pattern, and 
a pliable magnetic layer fornied on said film of 
porous material, wherein 

said rough surface is fornied according to the 35 
surface forni of the film of porous material. 

9. A magnetic transfer master medium as defined in 
claim 8, wherein 



40 



45 



the film of porous material has a volume ratio 
In the range of 30-99%, and 
a surface roughness in the range of Rp = 
0.0001 to 0.1. 

10- A magnetic transfer master medium as defined in 
claim 4, wherein 



the rough surface is an uneven pattern having 
depression portions of a depth in the 3-60 nm so 
range. 

11- A magnetic transfer master medium provided with 
an uneven surface for transferring data to a slave 
medium, wherein 55 

the channels of the uneven pattern are of a 
depth in the 60-1 000 nm range immediately af- 



ter the manufacture thereof, and 
the surface of the protrusion portions is ground 
at least once after the manufacture thereof and 
before said medium has been used, and then 
said medium is used. 

12. A magnetic transfer master medium provided with 
an uneven surface for transferring data to a slave 
medium, wherein 

» - - 

the channels of the uneven pattern are of a 
depth in the 50-1 000 nm range immediately af- 
ter the manufacture thereof, and 
the surface of the protrusion portions is ground 
at least once after said medium has been used, 
and then said medium is reused. 

13- A method of using a magnetic transfer master me- 
dium provided with an uneven surtace for transfer- 
ring data to a slave medium, wherein, 

said magnetic transfer master medium is used 
after the surface of the protrusion portions of 
the uneven pattern formed thereon has been 
ground at least once Immediately after the man- 
ufacture and prior to the use of said medium. 

14. A method of using a magnetic transfer master me- 
dium as defined in clairn 13 

the surface of the protrusion portions of the un- 
even pattern formed on the magnetic transfer 
master medium is ground according to the de- 
gree to which said surface Is marred. 

15. A method of using a magnetic transfer master me- 
dium provided with an uneven pattern for transfer- 
ring data to a slave medium, wherein: 

said magnetic transfer master medium Is re- 
used afterthesurfaceof theprotrusion portions 
of the uneven pattern that has been fomned 
thereon is ground at least once after the said 
medium has been used. 

16. A method of using a magnetic transfer master me- 
dium as defined In claim 15, wherein 

the surface of the protrusion portions of the un- 
even pattern formed on the magnetic transfer 
master medium is ground according to the de- 
gree to which said surface Is marred. 
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